The Cupressus genus, family Cupressaceae, is represented in Algeria by one widely endemic species found in the south of the country, namely in Tassili n'Ajjer. C. dupreziana A. Camus (syn. C. leredii Gaussen; C. sempervirens var. dupreziana A. Camus) is a rare plant, which occurs in very dry regions, and is listed by The International Union for the Conservation of Nature and Natural Resources (IUCN) [1] as an endangered species, with only 230 plants [2] . The climatic conditions, as well as human activities, seem to be the main factors reducing the diversity of this species. The two hundred and thirty recorded specimens are relics and aged at more than ten centuries [3] . While trunk diameters of up to 10 m are recorded, the greatest height is only 23 m. The ancient cypress of Tassili is likely to die without regenerating itself in situ. It resembles C. sempervirens L., but differs from that species in its distinctly compressed twigs and the small leaves being usually furnished with glandular pits in the part adnate to the branchlets, and especially by the much smaller and longer cones. The seeds, when developed, are of regular form, flattened, suborbicular, and with wider, thinner wings. There is a possibility that C. dupreziana may be a geographical form of C. sempervirens. The differences between the two species are due to the environment [4] . C. dupreziana is known locally as "Tarout". Traditionally, the green branchlets of this plant are still used for their stomachic properties and they are used as fodder for camels and sheep.
Little information about natural populations of C. dupreziana is available, and most studies reported on this cypress tree were carried out on specimens grown in botanical gardens. A critical botanical review of this species has been made by Barry et al. [5] . Phytochemical investigations of C. dupreziana have been restricted to the isolation and identification of terpenoid components and fats [6, 7] . Studies of the essential oils led to the identification of 18 terpenoids, six of which were considered to be artefacts [8] . Several genetic studies on the species are currently being conducted [9] [10] [11] [12] . There have been reports on the essential oil isolated from the leaf [6, 13] , on the leaf hydrocarbons [14] , on the oxygenated mono and sesquiterpenes of the wood [8, 15] and on the diterpenes of the wood [16] .
The aims of the present study were to determine and compare the antimicrobial activity and composition of the oils of a cultivated population (Djanet population) with these of wild growing populations (Ineledje, Tassendjoute, Tidedje, Tamrit and Tihanked) since the in-vitro antimicrobial activities of the essential oil of this species have not been reported previously.
The average oil yield of the different populations was found to be 0.29%, based on the fresh weight [range 0.23% to 0.39% (w/w)]. The composition of the oils from wild and cultivated plants differed only quantitatively. The compounds identified and their relative proportions are listed in their elution order, as given in Table 1 . Thirty-eight compounds were characterized, representing 99.7% of the total for the Djanet population and 99.9% for the other populations. The concentrations of these components varied among the oils examined, but particularly that of α-pinene (from 27.2 to 44.2%), Δ 3 -carene (from 14.2% to 26.7%) and germacrene D (from 16.2% to 27.2%). The studies undertaken on seven cultivated Cupressus species by Christelle et al. [17] showed that the main components of the oils were α-pinene and Δ 3 -carene for C. atlantica Gaussen; α-pinene and sabinene for C. cashmeriana Royle, C. chengiana Hu and C. funebris Endl.; α-pinene and α-cadinol for C. macnabiana A. Murr.; α-pinene, terpinen-4-ol and a sesquiterpene for C. guadalupensis S. Wats; and limonene and α-cadinol for C. duclouxiana Hickel. In our studies of C. dupreziana the major constituents were α-pinene, Δ 3 -carene and germacrene D. Recently, Chanegriha et al. [18] found α-pinene and Δ 3 -carene as the major components of the oil.
Statistical analysis was carried out using 12 terpenoids (α-pinene, myrcene, Δ 3 -carene, limonene, terpinolene, β-caryophyllene, α-humulene, γ-muurolene, germacrene D, γ-cadinene, δ-cadinene and cedrol). A dendrogram based on UPGM clustering (Manhattan distance) with a cophenetic coefficient (0.92), showed the presence of three groups and the separation of both population of Djanet and Tassili n'Ajjer, as presented in Figure 1 .
Djanet populations can be recognized by monoterpenes in the essential oil of their branchelets. These oils are characterized by major amounts of α-pinene (44.2%) and β-pinene (1.2%). Similarly, with the Ineledje population, α-pinene occurred in moderately high amounts (32.8%). Djanet populations were also characterized by their content Many plant derived essential oils are known to exhibit antimicrobial activity against a wide range of bacteria and fungi. The in vitro antibacterial activity of the C. dupreziana essential oils in comparison with Gentamycin is shown in Table 2 . The bacteria tested were resistant to all studied essential oil concentrations. The half dilution of the oils decreased the density of growth of Staphylococcus aureus ATCC 25923 on a halo of 9-11mm.
Escherichia coli
In brief, essential oils analysis carried out on 77 individuals of C. dupreziana showed both intra-and inter-population variability in their terpenoid content, but the abundance of α-pinene, germacrene-D and Δ 3 -carene were emphasized. The planted individuals (population of Djanet) developed well and have a terpenoid composition different from that of the Tassil n'Ajjer populations. The essential oils of C. dupreziana do not show any important antimicrobial activity.
Experimental
Plant material: The plants were authenticated by the staff of the Laboratory of Natural Resource Valorisation by comparison with herbarium specimens. Voucher specimens are deposited in the herbarium of the Biology Institute of the University of Ferhat Abbas, Algeria.
The present study is based on the analysis of a random sample of green branchlets of 77 trees from populations from six sites in Tassili n'Ajjer, as listed The site characteristics of the C. dupreziana in Figure 2 . The site characteristics of the C. dupreziana populations sampled are given in Table 3 . The green branchlets of natural populations of C. dupreziana and from a planted stand in Djanet were collected in April 2003. The air dried materials were subjected to hydrodistillation for 3 h using a Clevenger-type apparatus.
Essential oil analysis:
The oils were analyzed by GC on a Hewlett-Packard 5890 GC series II, equipped with FID, fitted with a SE-54 capillary column (25 m x 0.25 mm; 0.25 µm film thickness). The column temperature was programmed from 55°C (5 min) to 210°C (4 min) at a rate of 6°C/ min. The injector and detector temperatures were programmed at 220°C. Helium was used as carrier gas at a flow rate of 0.6 mL/min -1 , split ratio 1:50.
GC-MS was performed on a Hewlett-Packard GC-MS system (5890, series II; MSD 5971A, Hewlett-Packard), equipped with SE-54 columns, under the following conditions: splitless (0.7 min) injection, injector temperature 220°C, column 35°C (0.7 min), 6°C min -1 program to 250°C; and the other conditions were the same as those given for the GC. identified by comparison of their retention indices (RI) [19] and mass spectra with those of authentic samples and/or the NIST/NBS, NIST02, Wiley 575 library spectra, and those of the literature [20] . The percentage composition of the essential oil is based on peak areas obtained with FID factor corrections.
Evaluation of the anti-bacterial activity:
The antibacterial activity of the oil was determined using the disc diffusion method, according to the National Committee of Clinical Laboratory Standards [21] , against three of the American Type Culture Collection (ATCC), namely: Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), and Staphylococcus aureus (ATCC 25923), which were obtained from the Microbiology and Parasitology Laboratory of Setif University Hospital. The tests were performed using a 20 h culture growth at 37°C and adjusted to approximately 10 5 CFU/mL. Five hundred µL of the bacterial suspension was spread on the surface of Muller-Hinton Agar plates and sterile filter paper disks (Whatman no. 1.6 mm in diameter) containing 10 µL of each dilution of the oil (half, 1/5 and 1/10 v/v in absolute ethanol) were placed on the surface of the media. The plates were left for 30 min at room temperature to allow diffusion of the oil, and then they were incubated at 37°C for 24 h. At the end of this period, the inhibition zones were measured. All the experiments were performed in triplicate. Positive (Gentamycin, 15 µg/disc) and negative controls (10 µL ethanol) were also included in the test.
Statistical analysis: Data were treated with the Unweighted Pair Group Method with Arithmetic mean (UPGMA), using the set of 12 terpenoids that was found in sufficient quantity to be considered for statistical analysis. The analysis was carried out on the original variables and on the Manhattan distance matrix to seek hierarchical associations among the populations. The cluster analysis was carried out using statistical software.
